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Abstract 


We  consider  the  diffraction  of  an  electromagnetic  plane  wave  incident 
on   a  right  angled  wedge  with  an  impedance  type  boundary  condition  prescribed 
on  one  surface  and  a  homogeneous  boundary  condition  prescribed  on  the  other. 
The  impedance  boundary  condition  is  such  that  surface  waves  are  generated. 
We  present  an  exact  mathematical  solution  and  find  the  amplitude  of  the 
surface  wave.  A  simple  asymptotic  representation  for  the  far  field  is  also 
given. 
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1,  Introduction 

We  consider  the  diffraction  of  an  electromagnetic  plane  wave  incident 
on  a  right  angled  wedge  with  an  impedance  type  boundary  condition  prescribed 
on  one  surface  and  a  simple  boundary  condition  (that  for  perfect  reflection) 
prescribed  on  the  other.  The  impedance  boundary  condition  is  such  that 
surface  waves  are  generated.  We  present  an  exact  mathematical  solution  for 
this  problem  and  find  the  amplitude  of  the  surface  wave.  We  also  give  an 
asymptotic  repiresentation  for  the  far  field* 

The  impedance  boundary  conditions  which  give  rise  to  surface  waves  and 
which  are  appropriate  for  a  wedge  of  arbitrary  angle,  are  given  by 


'  F  IS  *  V  "  ^  ^  -  ^ 


(1.1)  < 


1   9U        ,  ^  Q 

P  g^  -  x^u  «  0      e 


where  u  is  the  z-component  of  the  magnetic  vector,  r  and  9  are  the  usual 
polar  coordinates,  a  is  the  wedge  angle  and  X^,  X»  are  constants  charac- 
teristic of  the  wedge  surfaces.  The  value  of  X  is  given  by 

(1.2)  X  «  ioseZ  -  icoe(R-iX) 

where  e  is  the  permittivity  of  free  space,  co  is  the  angular  frequency  and 
Z,  R,  and  X  are  the  impedance,  resistance  and  reactance  of  the  surface, 
respectively.   It  is  well  known  that  for  homogeneous  media  of  large  finite 
conductivity,  R  and  X  are  positive  in  sign,  small  in  magnitude  and  approxi- 
mately equal.   For  illustrations  of  this  boundary  condition  see  References 
[3],  [6],  [8],  and  [loj .  For  corrugated  or  dielectric-coated  surfaces, 
although  R  and  X  are  positive  in  sign,  R  is  much  smaller  than  X  and  hence 
Z  is  almost  purely  reactive.  See  References  [l] ,  [2],  [U] ,  [^,  [?]  and  [9] 
We  note  that  when  X  is  positive,  (1.2)  implies 

(1.3)  Re  X  >  0. 
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We  employ  this  condition  in  our  mathematical  work.  The  authors'-  -•  have  used 
this  condition  in  studying  the  electromagnetic  field  produced  by  a  line  source 
located  at  the  vertex  of  a  right  angled  wedge,  both  of  whose  sxirfaces  obey  the 
same  impedance  boimdary  conditions. 

The  problem  treated  in  this  paper  is  not  sepfirable  because  of  the  mixed 
boundary  condition.  This  difficulty  can,  however,  be  overcome  by  introducing 
an  auxiliary  function  which  is  a  linear  combination  of  the  magnetic  field  and 
and  its  cartesian  derivatives.  The  auxiliary  function  is  chosen  in  such  a  way 
that  it  satisfies  the  wave  equation  and  simple  homogeneous  boundary  conditions 
on  both  wedge  surfaces.  Such  functions  are  easy  to  obtain.  Once  the  auxiliary 
function  is  foxrnd,  the  original  field  can  be  determined  by  solving  an  auxiliary 
partial  differential  equation.  This  idea  is  due  to  Stoker'-  -'  and  Lewy^  -^  who 
studied  problems  in  water  wave  theory.  It  has  since  been  employed  by  the  authors 
(see  [ll] ,  [12]  and  [l3])  for  solving  problems  in  diffraction  theory.  Once  the 
boundary  conditions  have  been  simplified  by  using  this  idea,  the  development  in 
thds  paper  differs  considerably  from  that  occiirring  in  water  wave  theory  since 
the  coriditions  at  infinity  and  at  the  edge  of  the  wedge  are  quite  different. 
Also,  the  solution  of  the  auxiliary  partial  differential  equation  involves 
integration  in  the  Itiemann  surface  of  the  multivalued  auxiliary  function.  This 
complication  is  caused  by  condition  (1.3).  A  more  general  method  of  water  wave 
theory  (see  Peters,  [l6])  has  been  adapted  by  Senior'-  -^ ,  who  solves  the  two- 
dimensional  scalar  problem  of  a  plane  wave  incident  on  a  wedge  of  completely 
arbitrary  angle,  under  certain  impedance  boundary  conditions.  Surface  waves 
do  not  exist  in  Senior's  problem  becaiise  of  the  nature  of  the  impedance 

conditions  employed  by  him.* 

it- 
After  completing  the  present  work,  the  authors  were  informed  by  Senior 

that  he  cotild  also  have  treated  the  case  of  an  impedance  boundary 

condition  that  supports  surface  waves. 
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In  Section  2  we  solve  the  problem  stated  in  the  first  paragraph.  The 
magnitude  of  the  surface  wave  propagated  along  the  wedge  surface  is  foiond  for 
arbitrary  X.  Section  3  contains  the  magnitude  of  the  surface  wave  for  the 
special  cases  of  small  X  and  large  X.  A  discussion  of  the  far  field  is 
given  in  Section  h. 


-  It  - 

2.  Solution 

Consider  a  right  angled  wedge  defined  by  the  surfaces  y  "  0,  x  >  0 
and  X  =  0,  y  <  0,  as  shown  in  Figure  1,   Tn  the  angiilar  region  '^  <  ^  -^  p~ 
we  assijme  that  we  have  free  space,  A  plane  wave  u^,  whose  magnetic  vector 
js  linearly  polarized  in  the  z-direction,  is  incident  upon  the  wedge.  If 
the  angle  of  incidence  is  P  and  the  direction  of  the  normal  to  the  plane 
wave  ;front  is  as  shown  in  Figure  1,  then 

/o  -1  \  It  -ikrcos(9-©  ) 

(2.1)     Uj     *     V  e  '   o' 

where  U     is  the  magnitude  of  the  incident  plane  wave  and  the  time  dependence 
e  "^       is  omitted  for  convenience.     The  boundary  conditions  on  the  wedge 
surface  are  given  by 
/ 


(2.2)      i 


|il-0  y»0,      x>0 

3y  * 


|H.-\u-0  x«0,     y<0 


where  u  is  the  z -component  of  the  magnetic  vector  and  X  is  a  quantity  related 

to  the  impedance.  Vie   also  require  that  the  scattered  waves  at  infinity  be 

outgoing  and  that  the  energy  of  the  electromagnetic  field  bo  finite.  We  wish 

to  solve  Maxwell's  equations  subject  to  the  prescribed  conditions  and  obtain 

the  amnlitude  of  the  surface  wave.  We  restrict  9  in  our  work  so  that 

o 

0     <     9       <     ^.    We  leave  open  the  possibility  that  for  9     «  4^  the  problem 
has  no  solution. 

The  time  dependent  form  of  Maxwell's  equations  is 

curl  H     =     -laseE 


(2.3)       < 


curl  E    ■     ico|iH 


By  scattered  waves  we  mean  the  total  field  minus  the  incident  field. 
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where  E  and  H  are  the  electric  and  magnetic  field  intensities,  and  e  and  n 

are  the  permittivity  and  magnetic  permeability  of  free  space.  We  assume  the 

time  dependence  to  be  of  the  form  e"  "  .  Because  of  the  geometry,  the  field 

produced  is  independent  of  z  and  hence  the  field  is  completely  determined  by 

the  value  of  H  .  We  have 
z 


(2.U) 
and 

(2.5) 


H 


1  aHz 

ime  3y 


^  1  8Hz 
icoe  3x 


The  field  component  H   i  u  satisfies  the  equation 

z 


(7^+k^)u 


0 


(2.6) 

where  7  is  the  rectangular  Laplacian  and  k  is  the  propagation  constant  of 
free  space.  Therefore  the  mathematical  problem  reduces  to  solving  the 
homogeneous  wave  equation  (2.6)  subject  to  the  mixed  boundary  conditions 
(2.2)  and  an  incident  plane  wave  of  the  form  given  by  (2.1).  In  addition 
to  these  requirements,  we  require  that  the  far  field  be  outgoing  and  that 
the  electromagnetic  field  be  finite  everywhere. 
Let  us  make  the  substitution 


(2.7) 


u 


Then  v  satisfies  the  wave  equation 
(2.8) 


(7^+k^)v  -  0 


subject  to  the  simpler  boundarv  conditions 


dv 


(2.9) 


0 


0 


y  "  0,   X  >  0 
X  ■  0,  y  <  0 
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and  the  requirement  that  the  scattered  waves  at  infinity  be  outgoing.  If  the 
problem  for  v  can  be  solved,  then  we  can  obtain  the  solution  for  the  problem 
involving  u  since  (2.7)  can  be  integrated.   A  particular  solution  of  (2.7)  is 

00 


(2.10)    u  (x,y)  -  -e^f  e'^v(c,y)d5. 


The  form  of  the  incident  plane  wave  in  the  transformed  problem  is  given  by 

(2.11)  vj  -  ^^^-i\^TC03i9^9^) 

where 

(2.12)  V   »  -(ikcos©  +X)U  . 
^  o       ^       0    0 

Tt  is  important  to  point  out  that  the  function  v  does  not  have  to  be  finite 
at  the  origin   (tip  of  the  wedge).     Thus  we  should  first  introduce  all  radiating 
solutions,   no  matter  how  singular  at  the  origin,   that   satisfy  the  appropriate 
boundarv  conditions  for  v.     Out  of  this  class  of  solutions  we  should  finally 
select  only  those  that  yield  an  everp^h^re  fjnite  value  of  the  electi-onagnetic 
field  in  the  original   physical   problem  involving  u.     Now,   if  wr  employ  the 
method  of  separstion  of  variables  and  us«  conditions    (2,9),   we  find  that  the 
most  general  representation  for  n  is  of  the  foi'm 

^  /2n+l\  n 

(2.13)  v(r,e)     =     yV^£     j^^^^(),Oe    V/^cosi^^^e^cos^e 

4  y  a  H^^\(kr)cosiir:i©  . 

The  firsit,   sismrifltion  is  the  finite  solution  for  an  incident   plane  wave  of  the 
form    (2.11).      The   second   summation   contains  the  class   of  admissible   singular 
solutions.      Since  v  cannot  be  too  singular,   the  only  admissible  function  of 
the  singular  cls^s  is  the  first  term.      Hence 
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(2.110 


a   =  0 
n 


n  >  1. 


The  constant  c  has  yet  to  be  determined.  Equation  (2.33)  obviously  satisfies 
the  wave  equation  (2.8),  the  boundary  conditions  (2.9),  gives  rise  to  an 
incident  plane  wave  of  the  form  (2.11)  and  yields  outgoing  scattered  waves  at 
infinity.   If  we  substitute  (2.13)  into  (2.1C)  we  obtain  for  the  particular 
solution 

00 


(2.15)  u 


-  h   e^f 


-K' 


00 


•E.Jpn.l^'^) 


n»0 


.  f2n+i\  n 


?co3  ^^  cosi^tiedi 


00 

-c  e^f     e"^H|^^kr)cos|d4. 


Notice  that  in   (2»10)  and   (2.35)  we  integrate  into  the  wedge  when  y  is 
negative.     This  is  possible  because  the  wave  function  v  vanishes  on  the  y 
axis  and  hence  can  be  continued  analytically  to  positive  values  of  x.     The 
function  u     does  not  satisfy  all  the  conditions  of  the  problem,   for  it  is 
not  a  wave  function  in  regions  including  the  negative  x  axis,   since  the  y 
derivative  is  discontinuous  at  that  line.     This  defect  can  be  remedied,   as 
will  be  seen  below,  bv  adding  to   (2.1 5)  another  solution  of  the  wave 
equation  as  follows: 

'2n+l1  n 


(2.16)     u     -     -  ^V  e^f     e'^yj^     ,  (lcr)e'^  V"T7  ?cos^S^  cos^Sd? 


^ 


00 


-c^e 


Xx 


r'^H^^^kr)cos|d4  *< 


c^e 


Xx-i  /k'^+X^ 


y<0 


,    y>o  . 


The  introduction  of  the  additional  term  with  the  unknown  constant  Cp  now 


makes  it  possible  to  satisfy  the  continuity  condition  involving  the  y  deri- 
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vative  of  u.  We  note  that  the  form  of  the  additional  term  is  that  of  a 
surface  wave. 

We  must  now  determine  the  unknown  constants  c-  and  c-.  We  do  this  by 
requiring  that 

(I)    u  be  continuous  across  the  line  y  "  0,  x  <  0 

^     5—  be  continuous  across  the  line  y"0,  x<0. 


Expressing  the  above  as  jump  conditions  we  have 

(i: 


(2.17) 


)    [u]  -  <  u(x,0*)  -  u(x,0~)   -  0, 


X  <  0 


X  <  0. 


Let  us  now  determine  5—.  If  we  interchange  the  summation  and  integration 
signs  and  rearrange  terms,  we  have 


(^•"'  I  ■  -  iv'^^^-T^'^r'''*  ^  {v'-'-4 


yd4 


. f 2n^J  n 

-  »V  e     2_.  ®  ^°^ 

n"0 


(|=i*l)«4«-'*|:k/^)-(Hy^ 


Now 


Sy 


(2.19){8 


a 


00 


-  c^e^j^  e-^  |[H(^'(kr)cosf]d«  . 


-i  J^^  Cj,^-i  '^^  ^-  ^'° 
0  ,  y>0. 


H{^^kr)cos|l.     |.  n[^>(kr)sin| 


^2n 
►+ke  "^  E^^\kr)BiT^ 
5 


J^^     (kr)cos(|l+l)  6 


r^ 


J^(kr)cosf[    -     ^ 


a 


J         (kr)sln^^lj 


2n. 


e 


2n 


-  kJ2^(kr)3in^  9 

T 


6  !  2fl 

J;j^(kr)sinj  \  +  kJ  2(kr)sin.»i. 

3  I        "^ 


9  - 


Substituting   (2.19)  into   (2.18)   and  integrating  by  parts  we  have 


(2-20)     I 


.  |v/\o4°- 


-i^     e 


00 


J^(kr)sin|l-  |v^Xe     ^cos^^f     e"^J^(kr)sin|d4 
.   3 


-i"       ©  ~ 


-  |v^ke     \os^^[     e"^J  2(kr)sir^ 


n-O 


2n. 


f*roVi^'"^''"ir^' 


00  -ii^i" 


00 


-Vxe»-f  ,"\?^^?cos(|l.l)«f    .->^ 


TV      / 
0 


n=»0 


.^'iNx'""Vi^'"^''"(T^'')''^ 


3  o- 


^        .  /2n.^\  tr  00 

■<    o  ^— 


n-O 


3 


00 

ije^f     e"^J2^(kr)siny8d4 


00 


+  c^HJ^^kr)3in|-  c^XeW     e-'^nj^)  (kr)sin|d4 


-  c^ke'^eW~e-V'^(la-)sinfd4 


l-i  v^k  +>^     c^e  ^  -^  y<0 


,  y>o. 


Let  us  now  imrose  jump  condition    (I).     We  have 

'2n*ll  TT 


8 


00  -i 


(2.21)     +  ^T.c^+c,     -     +tV.  FLo..-,e      '   ^    ^  ^cosi^  cos^2tT 


2  11     2 


tV    7^  L^     ^  e 
3  o  -^^  2n+l 
n»0  — = — 


3 


5  °  ^0  iJill  3      o 


where 
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cx> 

(2.22)     I^     =     [    e-^H^^^k|d)d5 
/  o 


/^ 


>   +k     -  > 


k^/TT? 


1  + 


sinvn 


cosvn 


— ?^ I 


and 


00 


(2.23)     L^     =     (     e-^j^(kkl)d4 
'  o 


V       • 


(See  Magnus  and  Oberhettl  nger'-     -' . )     We  next  impose  jump  condition    (IT). 
We  obtain 


(2.2«    >§■■ 


Xl^-ke   ^  I^ 


:^  >  ivA 


y  c,    ♦  i  v/k^+X^  c 


-  li^  V^Xe"\^cos^  *  'i^  V^'^'^I'  2°°^ 


r 


oo 


-  JV,X  i:    L 

n"0     -n--*-! 


r* 


e"^^^^2^osfi^.l)«^siJ|:i.D2n 


00  -iUr-*-l 


3  o    ^0  ^  \^   y    o         ^^ 


r 


If  we  let 
(2.2^) 


/2      ? 


then 
(2.26) 


T  1  .V 


M^ 


TT7 


and   (2.21)   and    (2.2l»)  become 
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2n+l 


(2.27)     ^V^+c^ 


?v  r  - — 


3         0         J 


2n+l 


8,,     ~       A  3 


-i 


3  0^, 


2n+l\  n 


-°  i^ 


1/5'      2n+l  ^ 
-^    ^     cos— s —  9 
3        0 


and 


,2n 


(2.28)     j/I|xi^-l<e  ^I^ic^^  yi^O?" 
J  J 


1  -i"       9 


^.i^       9. 


a     -  -ijJ^-^V. A-^e       cos-:;-  ■«•  ■  /■  ■  V.  A     e       cos — 


3       o 


y?:? 


v4 


r 


00 


-  T^o^  E. 


-^  yi?:^ 


i— A^     e     V3     ^  ^cosf^l)  9^  sin^y^ 


9     sinl  ^Ij  2n 


oo 


3  0^, 


2n       /2n^  n 


-°  JF^ 


2n. 


Uim 


cosi  y-*ij  ®o  sin-iTr—  • 


The  suncnations  appearing  in  (2.2?)  and   (2.28)  can  be  evaluated  by  substituting 
exponentials  for  the  trigonometrical  functions  and  summing  the  resulting 
geometrical  series.      It  can  be  shown  that 


oc 


2n+l     ,  [2n-*-l\  n  -, /3 

(2.29)     f  A"^e""^cos2^9^cos2^2n     -     ^/^ 
n=>0 


00 


(2.30)     £^A   ^     e 
n»0 


2n+l     .  /2n+lA  n 

-,         ^'~3~7?       2n+l  - 
^        /    cos— Jt —  9 


,1/3 

T-4 


(2.31)     ^k^       e 
n-0 


2n^,      .  /2n  -]  n 
00     y^l  -iNr^lk       ^2n 
■^      -     \       '    cos'  — 


(H  V^Hr*^ " 
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2n  .  /2n^,\  n 
00  ^ -1 U-+1U. 

(2.32)  I^A^  e  \^  '  ^ 

n«0 


2n. 


Unn  _ 


cosi-r^lJ  S  sin-^Y^ 


■  JA 


where 


(2.33)  J. 


? 


1-A^'^exp 


(2.31i) 


/  . 


(2.35)  ^^^ 


19 


19 


l-*'^'-p[if^o'?)]   1-A^^^exp[if^v¥j] 


-19 


-19 


l-?^^exp 


:iKi71ijj-i-A^/V[-i|(v|i)] 


The  above  formulas  can  be  written  more  compactly  bv  making  the  substitution 


(2.36) 


IT 


'1.+  vA.  + 


TT7 


and  combining  terms.  We  obtain 


(2,37)  y^ 


(2.3B)  y^ 


21e 


-i^ 


sini(Y+|lllcosi9^ 

^C03|9^-C03|[t*|1 


sinrlT- 


^l'-r/^°'fo 


COS' 


?Tr^ 


^^-cos^Y-^ 


21  e 


(2.39) 


J 


COS' 


-ilT[si„l(Y-J)cosl«^ 


COS 


»9  -exp 


:4('-r 


cosS) 


cosje  -coslfT+Jil 
3  0        Tl      2 


cos|9^-cos|fY  ^" 
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Note  that  T  is  a  complex  angle.     The  formulas  for  I^and  L^  in  terms  of  this 


notation  become 


(2.U0)         I 


and 


-2         e 


-lv| 


J7^ 


sinv 


-    sinv(f.« 


+r 


(2.U1)         L,     -     —      -  e 

^  /T~T 


By  making  the  substitutions  given  by  (2.33),    (2.3U)  and   (2.35),    equations 
(2.27)  and   (2.28)  become 


2Va1/3        . 
(2.U2)     il,c^*C2     .     -^;^=r   14-2^2 


3- 


and 


,2n 


(2.  I43 )     -^  ^  Xl^-ke  "^  I2  /  c^+i  \/k^+X^ 


2V 


-1^  -2         Q 


j?:^ 


-2  s/3  e       A   ^  cos^HXA-k)      , 


3  yk  +X 


Solving  for  c^   and  c-  we  obtain 


2V  iA 
{2M)     £^-c^     '    —^ 


1/3 


(J^'ZJ} ^^2 (M-k)  M -2  VT  e'^'^cos^ 


yK? 


and 


(2.1.?)     £^-c. 


vT  V  A 


3  Vk^ 


|;'p.4!fv.A 


*  -24^   (XA-k)/^j^-2  x/3  e     ^A    ^C03^ 


v4^7 


r 
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where 

(2.1.6)     ^     -     |i  J^^  V  ^  |>Ti-ke  ^l2        . 

The  amplitude  of  the  surface  wave  is  given  by  c^. 
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3.     Limiting  cases  for  the  amplitudes  of  the  surface  waves 


We  first  consider  the  case  of  small  X.     It  is  easily  shown  that 


(3.1) 
(3.2) 


^1 


H-^, 


(3.3)         I2     -5>    ^(l-is/T) 


(3.M      J^    -> 


2i 


COStp-S 

3  o 


cos^O 
3  o 


C0S--9  +1       2cos=-9  -1 
3  o  3  o 


(3 


.?)      X 


-2i 


COS.-© 

3  0 


20084-6  -1 
5  o 


(3.6)      X 


2 

5n 


1 


cos9  +cos-)r6 
o  3  0 

j^"cos|9^.1 


+  2- 


■"T  1 

e   -^0039  -COST© 
o         30 


2cosy9  -1 
3  o 


A 


3, 


(3.7)        A    ->    ?(v^*i)     • 

If  we  rearrange    (2.1j?)   in  the  following  form 


(3.8)  ^c^ 


°^:y3-j^,2/3/.,3-^^,^3!o 


-X*2^ 


-i^    4    9 


——————<- s/J  I^  </ J +6e       I^A     cos-r- 


/  ,,.-^5,  .-7.„  o 


,2n 


♦e 


and  use  the  aDproximations  already  given,  it  can  be  shown  that  the  second 
group  of  terms  is  zero.   Hence,  for  small  X, 

(3.Q)  ^c^  ^  ~-(N/T-i)|vA//|,-3(73-i)cos^-  4*^/2   , 
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or,   after  some  manipulation. 


(3.10) 


W  ^(^]^°^H- 


We  note  that  the  amplitude  of  the  surface  wave  approaches  zero  as  X  approaches  zero. 

We  next  consider  the  case  of  large  X.  It  is  easily  shown  that 
(3.11)    A  . 


k 


,2/3 


(3.12)   I,  ->  -i^(|)    ^ 


(3.13) 


2 
3 


-i 


2  /2n2/^  1 


xA 


7^ 


(3.m)  J[    ->    2co3|  e^ 


-i 


5n 


i+e 


(3.15) 


-i 
2  ->  2e  ^cosIq^ 


(3.16)  J^    ->  0 


2/3 


(3.17)   A  ->  2e  ^(1)    X^/^  . 


.1/3 


If  we  make  use  of  the  above  approximations  and  substitute  into  (2.U5)  we  obtain 

v2/3 


(3.18)   Cg 


72    Ik/      3  o 


or 

i?  /  pif  ^l/3    n 
(3.19)   C2  ^  .  U^e  ^  [^]        cos^Q^  ^ 

We  note  that  the  amplitude  of  the  surface  wave  approaches  zero  as  X  approaches 
infinity.  Since  the  amplitude  approaches  zero  for  both  small  and  large  X, 

there  Is  some  optimum  value  of  X  for  which  the  magnitude  of  the  surface  wave 
is  a  maximum.  This  optimum  value  may  depend  on  the  angle  of  incidence  9  . 
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h*     Far  field  evaluation  of  the  electromagnetic  field 

We  have  alreadv  obtained  the  exact  solution  of  the  diffraction  problem. 
However,  it  is  desirable  to  find  a  simple  expression  for  the  far  field.  Now 

(Ua)    V  »  (l^-x)u. 

The  original  electric  field  component  u  in  the  far  field  can  be  written  as 

the  sum  of  two  terns.  The  first  term  can  be  found  by  using  geometrical  optics. 

The  second  is  due  to  the  diffracted  field.  We  have 

('^•2)     ^  •  (-)geom  *  ("Vff 

where  (u)     is  assumed  to  be  known,  and  (u)  ,.„.  is  to  be  found.  The 
^  geom  *       diff 

transformed  electric  field  component  v  in  the  far  field  can  be  written  in 
the  form 

The  far  field  solution  of  the  transformed  problem  which  is  finite  at  the 
edge  of  the  wedge,  and  which  is  denoted  by  the  subscript  F  in  (lj,3),  can  be 

ri9i 

obtained  from  Reiche"-  -■ .  Reiche  uses  the  method  of  inflection  on  Rieraann 
sheets  due  to  Sommerfeld'-  -'  and  applies  it  to  the  case  of  a  plane  wave 
diffracted  bv  a  right  angled  wedge  where  the  boundary  conditions  require  the 
vanishing  of  the  field  on  the  surface.  By  using  some  of  Reiche 's  intermediate 
results,  it  is  easy  to  solve  the  problem  of  the  diffraction  of  a  plane  wave 
by  a  right  angled  wedge  where  the  boundary  conditions  require  the  vanishing 
of  the  field  on  one  surface  (9  =  i-)  and  the  vaaishing  of  the  derivative  on 
the  other  (©  =  0).  We  note  that  the  onlv  required  changes  in  notation 
between  the  results  of  Reiche  and  those  used  here  are  the  following: 
(1)  replace  i  by  -i  since  we  use  the  time  factor  e"  '^  ;  and  (2)  multiply 
the  solution  by  V  in  order  to  have  the  proper  amplitude.  The  far  field 
solution  of  the  transformed  problem  which  is  singular  at  the  edge  of  the 
wedge,  and  which  Is  denoted  by  the  subscript  S  in  (U,3),  is  the  asymptotic 


-  Ifi  - 


f  onn  of 


(U.U)     V  -  c^n['-^(kr)cos| 


The  constant  c.  is  the  same  constant  that  appears  in  the  exact  solution. 
The  far  field  expressions  for  the  finite  and  singular  solutions  are  given 


by 


(h.5)     [(v)^, 


1 

diffjF 


2V^e  sin|(9^-  o)    ^   sinf  (q^^  q) 

ySnE^        sinfe  -9)  sin  (9^+9) 


ikr 


-i 


5n 

T?        1^    ikr 


(U.6)      [(v)^f^Js     -     c^/^e     --cosf©e- 

where     "' 

(U.7)  V      »     -   f+ikcos9  +x)   U  . 

^  O  V,  o      /       0 

We  expect  the  far  field  form  of  the  original  field  u  to  have  forms  similar 

to  that  given  by   (U.5)«     Therefore  we  write 


(U.a)         (u) 


diff 


m(9)     ikr 


v/? 


where  m(9)  is  unknown.  Consider  now  only  the  diffracted  part  of  the  far 
field  expressions.  The  transformation  equation  (U.l)  becomes 


(U.9)  (v) 


diff 


It-" 


<"'diff 


or 


('-"^°)       [(-^difflp  *  [(->diff]s    ■    H  ^-^)  ^-^ 


diff 


where  we  have  used  the  far  field  result 


(U.U)      ^ 


cos9  r. sin9  ^  — >  cos9  ^  • 


Substituting  (U.5),  (U.6)  and  (li.6)  into  (U.IO)  we  have 


(U.12) 


2V  e  ^ 
0 

sin|(9^-  9) 

sin  (9  -9) 
V  0     / 

sin|(9^.  9) 

y6nk 

sin  (9^+ 9) 

+  c 


C03t9 


(ikco39  -X)m(9) 
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or 


()i.l3)     m(e) 


2V  e 
o 


y/Enk  (ikcos9->v) 


3in(^0^-e)  3in(eg+9) 


x/T  c^ 


-1 


,2ti 
T  .__1 


cos-^  9 


or 


(U.iU)    m(e)    - 


3nk     (ikcos9  +X) (ikcos9-X) 


where 


(U.K) 


and 


()4.16) 


sinK9^-9)   ^3ln|(9^^9) 
sin('9^-9)         sin(9^+9\ 


+   I      y         e  003^-9 


^vAV 


ii^  /V.2.. 
VTA     ^^       ^ 


K/y^sA 


Ic^ 


M -2  ^A  e'^^V^  cos-|.    {^-k] 


.2n 


A  -  hy^^h-^i^i-'^^'^h 


The  result  given  by   (U.lU)  is  the  desired  diffracted  angular  dependence  for 
the  far  field.     The  diffracted  far  field  is  given  by   (I4.8). 

We  shall  now  summarize  the  results  of  the  far  field.     See  Figures  2,   3» 
and  h  for  definitions  of  the  regions  referred  to  in  Cases  A,   B,   and  C 
respectively. 

Case  A:     0  <  9    <  i 
o       2 


1,     Regions  1  and  2:      (0  <  9  <  n-©   ) 


-ikrcosfo-ej  -ikrcosf9+9  )       /.x     ., 
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Region  2 


ncident  and   Reflected 
Waves 
(from  top) 


es  (from  top) 


Cose  A:    0  <  0«  <  ^ 


Figure  2 
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t 


Region  2 


Incident  Wave  Only 


(from  top) 

X 


Case  B: 


<  e^  <  TT 


Figure  3 
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Region  2 


Incident  Wave  Only 


Case  C:     "^  <  9^  < 


zw 


Figure   4 
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2.  Region  3:      U-Qg  <  9  <  n+Q^) 

-ikrco3(9-eJ      ^(^ 
u     -    U  e  +  "^       e 

3.  Region  U:      (n+9^  <  9  <  ^  ) 
m(9) 


ra(9)     ikr 


Case  B:     t?  <  9     <  n 
2         o 


1,     Region  1:      fo  <  9  <  n-9   ) 


-ikrco3(9-9)  -ikrcos(9*e)      ^   ^     ^ 

u«De  +Ue  +  -^— i-  e 

O  O  y- 


2.  Regions  2  and  3:     ('"^q  <  9  <  2n-9^  ] 

-ikrcosr9-9)        /_x      ., 

3.  Region  U:     (2n-9Q  <  9  <  ^j 


-ikrcos(9-9j  ikcos9^*X     -.ikrcos (9 .  9j      ^(^^     ^^^ 

^     ■     "o*  *  "o  II^5i^-T  ^  *  "E" 

o  vr 

Case  C:     n  <  9    <  4r 

0  t 


1.     Region  1:     (o  <  9  <  9  -n) 


ra(9)     ikr 
■a    ■    — i —  e 


2,     Region  2:     (9^-n  <  9  <  2n-9^) 


-ikrco8(9-&)     ^(Q)     ^j^ 
u     -     U  e  +  -^-^  e 

n/7 


3.     Regions  3  and  U:      (2n-9^  <  9  <  •^} 


-ikrcos(9-9)  ikcos9^+X       +ikrcos(9  +  9^^     ^^q)     ^^ 

"  o  0  ikcos9  -X  >r 
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Air  Force  Development  Field  Representative 
Naval  Research  Laboratory 
Washington  25,  D.  C. 
Attn:  Code  1072 

Director 

U,  S.  Naval  Research  Laboratorv 

Washington  2"^,  D.  :. 

Attn:   Code  2027 

Dr.  J.  I.  Bohnert,  Code  5210 

U.  S.  Naval  Research  Laboratory 

Washington  25,  D.  C.  (Unclassified  only) 

Classified  to  be  sent  to: 

Director 

U,  S.  Naval  Research  Laboratory 

Attn:  Code  5200 

Washington  25,  D.  C. 

Commanding  Officer  and  Director 

U.  £.  Nav>-  Underwater  Sound  Laboratory 

Fort  Trumbull,  New  London,  Connecticut 

Chief  of  Naval  Research 
Department  of  the  Mavj' 
Washington  25,  D.  C. 
Attn:  Code  lj27 

Commanding  Officer  and  Director 

U.  S.  Navy  Electronics  Laboratory  (Library) 

San  Diego  52,   California 

Chief,    Bureau  of  Ordnance 
Department  of  the  Navy 
Washington  25,    D.   C. 
Attn:     Code  Ad3 

Chief,    Bureau  of  Ordnance 
Department   of  the  Navy 
Surface  Guided  Missile  Branch 
Washington  25,    D.   C. 
Attn:     Code  ReSl-e 

Chief,   Bureau  of  Ordnance 
Department  of  the  Navy 
Washington  25,   D.   C. 
Attn:     Fire  Control  Branch   (ReSU) 

Department  of  the  Navy 

Bureau  of  Aeronautics 

Technical  Data  Division,    Code  I1IO6 

Washington  25,    D.  C. 

Chief,   Bureau  of  Ships 
Department  of  the  Navy 
Washington  25,   D.  C. 
Attn:     Code  817B 
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Commanding  Officer 

n.   S.   Naval  Air  Development  Center 

Johnsville,    Pennsylvania 

Attn:     NADC  Library 

Commander 

U.   S.  Naval  Air  Teat  Center 
Patuxent  River,    Maryland 
Attn:     ET-31?,    Antenna  Branch 

Director 

Naval  Ordnance  Laboratory 

Corona,  California 

Commanding  Officer 

U.  S.  Naval  Ordnance  Laboratory 

Corona,  California 

Attn:  Mr.  W.  Horenstein,  Division  72 

Airborne  Instruments  Laboratory,  Inc. 

160  Old  Country  Road 

Kineola,  New  York 

Attn:  Dr.  E.  G.  Fubini,  Director 

Research  and  Engineering  Division 

Alrcom,  Inc. 
3?U  Main  Street 
Winthrcp,  Mass. 

American  Kachine  and  Foundry  Company 

Electronics  Division 

I0R5  Commonwealth  Avenue 

Boston  1^,   Mass. 

Attn:  Mrs.  Rita  Moravcsik,  Librarian 

Andrew  Alford,  Consulting  Engineers 
2<'9  Atlantic  Avenue 
Boston  10,  Mass. 

Avion  Division 
ACF  Industries,  Inc. 
ROO  No.  Pitt  Street 
Alexandria,  Virginia 
Attn:  Library 

Battel le  Manorial  Institute 

50^  King  AvPnue 

Attn:  Wayne  E.  Rife,  Project  Leader 

Electrical  Engineering  Division 

Columbua  1,  Ohio 

Bell  Aircraft  Corporation 

Post  Office  Box  One 

Buffalo  5,  New  York 

Attn:  Eunice  P.  Hazelton,  Librarian 

Bell  Telephone  Laboratories,  Inc. 

Whlppany  Laboratory 

Whippany,  New  Jersey 

Attn:  Technical  Information  Library 

Pacific  Division 

Bendlx  Aviation  Corporation 

11^00  Sherman  Way 

North  Hollywood,  California 

Engineering  Library 

Attn:  Peggie  Robinson,  Librarian 

Bendlx  Radio  Division 

Bendlx  Aviation  Corp. 

E.  Joppa  Road 

Towson  hf   Maryland 

Attn:  Dr.  D.  M.  Allison,  Jr. 

Director  Engineering  and  Research 

Boeing  Airplane  Company 

Pllotless  Aircraft  Division 

P.O.  Box  3707 

Seattle  21j,  Washington 

Attn:  R.R.  Barber,  Library  Supervisor 

Boeing  Airplane  Company 

Wichita  Division  Engineering  Library 

Wichita  1,  Kansas 

Attn:  Kenneth  C.  Knight,  Librarian 

Boeing  Airplane  Company 

Seattle  Division 

Seattle  llj,  Washington 

Attn:  E.T.  Allen,  Librarx-  Supervisor 

BJorksten  Research  Labs,  Inc. 

P.  0.  Box  265 

Madison,  Wisconsin 

Attn:  Mrs.  Fern  B.  Korsgard 


Convair,  A  Division  of  General  Dynamics 

Corp. 
Fort  Worth,  Texas 

Attn:   K.G,  Brown,  Division  Research 
Librarian 

Convair,  A  Division  of  General  Dynamics 

Corp. 
San  Diego  12,  California 
Attn:  Mrs.  Dora  B.  Burke, 

Engineering  Librarian 

Cornell  Aeronautical  Laboratory,  Inc. 
liiS5  Genesee  Street 
Buffalo  21,  New  York 
Attn:  Librarian 

Dalmo  Victor  Company 
A  Division  of  Textron,  Inc. 
151?  Industrial  Way 
Belmont,  California 
Attn:  Mary  Ellen  Addems, 
Technical  Librarian 

Dome  and  Margolin,  Inc. 
29  New  York  Avenue 
Westbury,  Long  Island,  N.  T. 

Douglas  Aircraft  Company,  Inc. 

P.O.  Box  200 

Long  Beach  1,  California 

Attn:  Engineering  Library  (C-250) 

Douglas  Aircraft  Co.,  Inc. 
P27  Lapham  Street 
El  Segundo,  California 
Attn:  Engineering  Library 

Douglas  Aircraft  Company,  Inc. 
3000  Ocean  Park  Boulevard 
Santa  Monica,  California 
Attn:  P.T.  Cline 

Eq.  Sec.  Reference  Files, 

Eq.  Eng.  A250 

Douglas  Aircraft  Company,    Inc. 
2000  North  Memorial   b-ive 
Tulsa,    Oklahoma 
Attn:     Engineering  Library,   D-2S0 

Electronics  Communication,    Inc. 
1830  York  Road 
Timonium,   Maryland 

Emerson  and  Cuming,    Inc. 
fl69  Washington  Street 
Canton,   Mass. 
Attn:     Mr.  W.   Cuming 

Emerson  Electric  KJ*g.  Co. 

8100  West  Florissant  Avenue 

St.  Louis  21,  Missouri 

Attn:  Mr.  E.R.  Breslin,  Librarian 

Sylvania  Elec.  Prod.  Inc. 
Electronic  Defense  Laboratory 
P.O.  Box  205  -  (Unci) 
Mountain  View,  California 
Attn:  Library 

Fairchild  Aircraft  Division 
Fairchild  Eng.  and  Airplane  Corp. 
Hagerstown,  Maryland 
Attn:  Library 

Farnsworth  Electronics  Company 
3700  East  Pont  lac  Street 
Fort  Wayne  1,  Indiana 
Attn:  Technical  Library 

Federal  Telecommunication  Labs. 
?00  Washington  Avenue 
Nutley  10,  New  Jersey 
Attn:  Technical  Library 

The  Gabriel  Electronics 
Division  of  the  Gabriel  Company 
135  Crescent  Road 
Needham  Heights  9!i,  Mass. 
Attn:  Mr.  Steven  Galagan 


General  Electric  Advanced  Electronics  Center 
Cornell  University 
Ithaca,  New  York 
Attn:  J.  B.  Travis 

General  Electric  Company 

Electronics  Park 

Syracuse,  New  York 

Attn:  Documents  Library,  B.  Fletcher 

Building  3-lli3A 

General  Precision  Laboratory,  Inc. 

63  Bedford  Road 

Pleasantvllle,  New  York 

Attn:  Mrs.  Mary  G.  Herbst,  Librarian 

Goodyear  Aircraft  Corp. 

1210  Hassillon  Road 

Akron  15,  Ohio 

Attn:     Library  D/120  Plant  A 

Granger  Associates 

Electronic  Systems 

966  Commercial  Street 

Palo  Alto,  California 

Attni  John  V.  N.  Granger,  President 

Grumman  Aircraft  Engineering  Corporation 
Bethpage,  Long  Island,  N.  Y. 
Attn:  Mrs.  A.  M.  Gray,  Librarian 

Engineering  Library,  Plant  No.  5 

The  Hallicrafters  Company 

UiOl  West  5th  Avenue 

Chicago  2!j,  Illinois 

Attn:  La Verne  LaGioia,  Librarian 

Hoffman  Laboratories,  Inc. 
3761  South  Hill  Street 
Los  Angeles  7,  California 
Attn:  Engineering  Library 

Hughes  Aircraft  Compiany 
Antenna  Department 
Microwave  Laboratory 
Building  12,  Room  2617 
Culver  City,  California 
Attn:  M.  D.  Adcock 

Hughes  Aircraft  Company 
Florence  and  Teale  Streets 
Culver  City,  California 

Attn:  Dr.  L.C.  Van  Atta,  Associate  Director 
Research  Labs. 

Hycon  Eastern,  Inc. 
7?  Cambridge  Parkway 
Cambridge,  Mass. 
Attn:  Mrs.  Lois  Seulowltz 
Technical  Librarian 

International  Business  Machines  Corp. 

Military  Products  Division 

590  Madison  Avenue 

New  York  33,  New  York 

Attn:  Mr.  C.F.  McElwain,  General  Manager 

International  Business  Machines  Corp. 
Military  Products  Division 
Owego,  New  York 

Attn:  Mr.  D.  I.  Marr,  Librarian 
Department  U59 

International  Resistance  Company 
UOl  N.  Broad  Street 
Philadelphia  8,  Pa. 
Attn:  Research  Library 


Jansky  and  Bailey,  Inc. 
1339  Wisconsin  Avenue,  N.  W, 
Washington  7,  D.  C. 
Attn:  Mr.  Delmer  C.  Ports 

Dr.  Henry  Jaslk,  Consulting  Engineer 
298  Shames  Drive 
Brush  Hollow  Industrial  Park 
Westbury,  New  York 

Electromagnetic  Research  Corooratlon 
711  Ibth  Stfeet,  N.  W. 
Washington  5,  D.  C. 
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Lockheed  Aircraft  Corporation 

2555  N.  Hollywood  Way 

California  Division  Engineering  Library 

Department  72-75,    Plant  A-1,    Bldg.    63-1 

Burbank,   California 

Attn:     N.  C.  Harnois 

The  Martin  Company 

P.   0.   Box  179 

Denver  1,  Colorado 

Attn:  Mr,  Jack  McCormick 

The  Glenn  L.  Martin  Companv 
Baltimore  3,  Maryland 
Attn:  Engineering  Library 
Antenna  Design  Group 

Maryland  Electronic  Manufacturing  Corp. 
5009  Calvert  Road 
College  Park,  Maryland 
Attn:  Mr.  H.  Warren  Cooper 

Mathematical  Reviews 
190  Hope  Street 
Providence  6,  Rhode  Island 

The  W.  L.  Maxson  Corporation 

lj60  West  3!ith  Street 

Hew  York,  N.  T. 

Attn:     Miss  Dorothy  Clark 

McDonnell  Aircraft  Corporation 

Lambert  Sadnt-Louis  Municipal  Airport 

Box  516,  St.  Louis  3,  Missouri 

Attn:     R.  D.  Detrlch,   Engineering  Library 

McMillan  Laboratory,  Inc. 

Brownville  Avenue 

Ipswich,  Massachusetts 

Attn:  Security  Officer.  Document  Room 

Melpar,    Inc.  (2) 

3000  Arlington  Boulevard 

Falls  Church,    Virginia 

Attn:     Engineering  Technical  Library 

Microwave  Development  Laboratory 
90  Broad  Street 
Babson  Park  57,    Massachusetts 
Attn:     N.  Tucker,    General  Manager 

Microwave  Raliation  Company  Inc. 

19223  South  Hamilton  Street 

Gardena,   California 

Attn:     Mr.   Morris  J.  Ehrlich,    President 

Chance  Vought  Aircraft,    Inc. 
93m  West   Jefferson  Street 
Dallas,   Texas 
Attn:     Mr.   H.   S.  White,    Librarian 


Pickard  and  Bums,    Inc. 

2ljO  Highland  Avenue 

Needham  9U,   Mass. 

Attn:     Dr.    J.  T.   DeBettencourt 

Polytechnic  Research  and  Development 

Company,    Inc. 

202  Tillary  Street 

Brooklyn  1,   New  York 

Attn:     Technical  Library 

Radiation  Engineerlr^  Laboratory 
Main  Street 
Maynard,    Mass. 
Attn:     Dr.   John  Ruze 

Radiation,    Inc. 

P.  0.   Drawer  37 

Melbourne,    Fiorina 

Attn:     Technical  Library,   Mr.  M.L.  Cox 


Radio  Corp.  of  America 
RCA  Laboratories 
Rocky  Point,    New  York 
Attn:      P.   S.  Carter,   Lab. 
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RCA  Laboratories 
David  Sarnoff  Research  Center 
Princeton,  New  Jersey 
Attn:  Miss  Fern  Cloak,  Librarian 
Research  Library 

Radio  Corporation  of  America 
Defense  Electronic  Prc-iiicts 
Building  10,  Floor  7 
Camden  2,  New  Jersey 
Attn:  Mr.  Harold  J.  Schrader 

Staff  Engineer,  Organization 

of  Chief  Technical 

Admi  nistrator 

The  Ramo-Wooldridge  Corporation 
P.O.  Box  Ii5li53  Airport  Station 
Los  Angeles  Ii5,    Califorria 
Attn:      Margaret  C.   Whitnah, 
Chief  Librarian 

Hoover  Mic-owave  Co. 
9592  Baltimore  Avenue 
College  Park,   Marvland 

Director,  USAF  Project  RAND 

Via:     Air  Force  Liaison  Office 

The  Rand  Corporation 

1700  ^-ain  Street 

Santa  Monica,  California 

Rantec  Corporation 

Calabasas,  California 

Attn:  Grace  Keener,  "ffice  Manager 


Northrop  Aircraft,  Inc.  Raytheon  Manufacturing  Company 

Hawthorne,  California  Missile  Systems  Division 

Attn:  Mr.  E.  A.  Freitas,  Library  Dept31US  Bedford,  Macs. 

1001  E.  Broadway  Attn:  Mr.  Irving  Goldstein 


Remington  Rand  Univ.  -  Division  of  Sperrv 

Rand  Corporation 
1900  West  Allegheny  Avenue 
Philadelphia  29,  Pennsylvania 
Attn:  Mr.  John  F.  McCarthy 

R  and  D  Sales  and  Contracts 

North  American  Aviation,    Inc. 
12211:  Lakewood  Boulevard 
Downey,   California 
Attn:     Engineering  Library  1495-115 

North  American  Aviation,    Inc. 
Los  Angeles   International  Airport 
Los  Angeles  )i5,   California 
Attn:     Engineering  Technical  File 

Page  Communications  Engineers,    Inc. 
710  Fourteenth  Street,   Northwest 
Washington  5,    0.  C. 
Attn:     Librarian 

Phllco  Corporation  Research  Division 

Branch  Library 

b700  Wissachlckon  Avenue 

Philadelphia  hh,   Pa. 

Attn:     Mrs.  Dorothy  S.  Collins 


Raytheon  Manufacturing  Company 
Wavland  Laboratory,    State  Read 
Wavland,    Mass. 
Attn:     Mr.   Robert  Ports 

Raytheon  Manufacturing  Comrany 
Wavland  Laboratory 
Wayland,    Mass. 

Attn:     Miss  Alice  G.  Anderson, 
Librarian 

Republic  Aviation  Corporation 
Farmingdale,    Long  Island,    N.  Y, 
Attn:     Engineering  Library 

Thru:     Air  Force  Plant  Representative 
Republic  Aviation  Corp. 
Farroingdale,   Long  Island,   N.Y. 

Rheem  Manufacturing  Corapany 
9236  East  Hall  Road 
Downey,   California 
Attn:      J.  C.   Joerger 

Trans-Tech,  Inc. 
P.  0.  Box  3U6 
Frederick,  Maryland 


Ryan  Aeronautical  Comoany 
Lindbergh  Field 
San  Diego  12,  Oallfornla 
Attn:  Librar/  -  unclassified 

Sage  Laboratories 
159  Linden  Street 
Wellesley  81,  Mass. 

Sanders  Associates 
95  Canal  Street 
Nashua,  New  Hampshire 
Attn:  N.  R.  Wild,  Library 

Sandia  Corporation,  Sandia  Base 

P.O.  Box  5''00,  Albuquerque,  New  Mexico 

Attn:  Classified  Document  Division 

Sperry  Gyroscope  Company 

Great  Neck,  Long  Island,  New  York 

Attn:  Florence  W,  Tumbull,  Engr.  Librarian 

Stanford  Research  Institute 

Menlo  Park,  California 

Attn:  Library,  Engineering  Division 

Sylvania  Electric  Products,  Inc. 
100  First  Avenue 
Walthai  5li,  Mass. 

Attn:  Charles  A.  Thornhill,  Report  Librarian 
Walthan  Laboratories  Library 

Systems  Laboratories  Corporation 
lli^52  Ventura  Boulevard 
Sherman  Oaks,  California 
Attn:  Donald  L.  Margerum 

TRO,    Inc. 

17  Union  Square  West 

New  York  3,    N.  Y. 

Attn:  M.  L.  Henderson,  Librarian 

A.  S.  Thomas,  Inc. 

161  Devonshire  Street 

Boston  10,  Mass. 

Attn:  A.  S.  Thomas,  President 

Bell  Telephone  Laboratories 
Murray  Hill 
New  Jersey 

Chu  Associates 
P.  0.  Box  3f7 
Whitcomb  Avenue 
Littleton,  Mass. 

Microwave  Associates,  Inc. 
Burlington,  Mass. 

Raytheon  Maniifacturing  Companv 
Missilo  Division 
Hartwell  Road 
Bedford,  Mass. 

Radio  Corporation  of  America 
Aviation  Systems  laboratory 
225  Crescent  Street 
Waltham,  Mass. 

Lockheed  Aircraft  Corporation 
Missile  Systems  Division  Research  Library 
Box  50b,  Sunnyvale,  California 
Attn:  Miss  Eva  Lou  Robertson, 
Chief  Librarian 

The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  California 
Attn:  Dr.  W.  C.  Hoffman 

Commander 

AF  Office  of  Scientific  Research 

Air  Research  and  Development  Command 

llith  Street  and  Constitution  Avenue 

Washington,   D.   C, 

Attn:     Mr.  Otting,    SRY 

Westinghouse  Electric  Corp. 
Electronics  Division 
Friendship  Int'l  Airport  Box  7U6 
Baltimore  3,   Maryland 
Attn:     Engineering  Library 
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Wheeler  Laboratories,  Inc. 
122  Cotter  Hill  Road 
Oreat  Neck,  New  York 
Attn:  Mr.  Harold  A.  Wheeler 

Zenith  Plasties  Co. 
Box  91 

Ciardana,  California 
Attn:  Mr.  S.  S.  Oleesky 

Library  Geophysical  Institute 
of  the  University  of  Alaska 
Collage 
Alaska 

University  of  California 

Berkeley  It,  Callfomia 

Attni  Dr.  Samuel  Silver, 

Prof.  Engineering  Science 
Division  of  Elec.  Eng.  Electronics 
Research  Lab. 

University  of  California 
Electronics  Research  Lab. 
332  Cory  Hall 
Berkeley  h,   California 
Attn:  J.  R.  Whinnery 

California  Institute  of  Technology 
Jet  Propulsion  Laboratory 
tjSOO  Oak  Grove  Drive 
Pasadena,  California 
Attn:  Mr.  I.  E.  Mewlan 

California  Institute  of  Technology 
1201  E.  Califomi  a  Street 
Pasadena,  California 
Attn:   Dr.  C.  Papas 

Carnegie  Institute  of  Technology, 
Schenley  Park 

Pittsburgh  13,  Pennsylvania 
Attn:  Prof.  A.  E.  Heins 

Cornell  University 

School  of  Electrical  Engineering 

Ithaca,  New  York 

Attn:  Prof.  G.  C.  Dalman 

University  of  Florida 

Department  of  Electrical  Engineering 

Gainesville,  Florida 

Attn:  Prof.  M.  H.  Latour,  Library 

Lib»-ary 

Georgia  Institute  of  Technology 

Engineering  Experiment  Station 

Atlanta,  Georgia 

Attn:  Mrs.  J.H.  Crosland,  Librarian 

Harvard  University 

Technical  Reports  Collection 

Gordon  McKay  Library,  303A  Pierce  Hal] 

Oxford  Street,  Cambridge  3*^,  Mass. 

Attn:  Mrs.  E.L.  Hufschmidt,  Librarian 

Harvard  College  Observatory 
60  Garden  Street 
Cambridge  39,  Mass. 
Attn:  Dr.  Fred  L.  Whipple 

University  of  Illinois 
Documents  Division  Library 
Urbana,  Illinois 

University  of  Illinois 
College  of  Engineering 
Urbana,  Illinois 

Attn:  Dr.  P.  E.  Moyes,  Department  of 
Electrical  Engineering 

T^.  Johns  Hopkins  University 
Homewood  Campus 
Department  of  Physics 
Baltimore  W,   Maryland 
Attn:  Dr.  Donald  E.  Kerr 

Sandia  Corporation 
Attn:  Organization  1U23 
Sandia  Base 
AlbuTuernue,  New  Mexico 


Applied  Physics  Laboratory 
The  Joh«B Hopkins  University 
8621  Georgia  Avenue 
Silver  Spring,  Maryland 
Attn:  Mr.  George  L.  Seialstad 

Massachusetts  Institute  of  Technology 

Research  Laboratory  of  Electronics 

Room  20B-221 

Oautoridge  39,  Massachusetts 

Attn:  John  H.  Hewitt 

Massachusetts  Institute  of  Technology 

Lincoln  Laboratory 

P.  0.  Box  73 

Lexington  73,  Mass. 

Attn:  Document  Room  A-229 

University  of  Michigan 
Electronic  Defense  Group 
Engineering  Research  Institute 
Ann  Arbor,  Michigan 
Attn:  J.  A,  Boyd,  Supervisor 

University  of  Michigan 
Engineering  Research  Institute 
Radiation  Laboratory 
Attn:  Prof.  K.  M.  Siegel 
912  N.  Main  St., 
Ann  Arbor,  Michigan 

University  of  Michigan 
Engineering  Research  Institute 
Willow  Run  Laboratories 
Willow  Run  Airport 
Ypsilantl,  Michigan 
Attn:  Librarian 

University  of  Minnesota 

Minneapolis  lU,  Minnesota 

Attn:  Mr.  Robert  H.  Stumm,  Library 

Northwestern  University 
Microwave  Laboratories 
Evanston,  Illinois 
Attn:  R.  E.  Bean 

Ohio  State  University  Research  Found. 
Ohio  State  University 
Columbus  10,  Ohio 
Attn:  Dr.  T.E.  Tice 

Dept.  of  Elec.  Engineering 

The  UniTersity  of  Oklahoma 
Research  Institute 
Norman,  Oklahoma 

Attni  Prof.  C.  L.  Farrar,  Chairman 
Electrical  Engineering 

Polytechnic  Institute  of  Brooklyn 

Microwave  Research  Institute 

55  Johnson  Street 

Brooklyn,  New  York 

Attn;  Dr.  Arthur  A.  Oliner 

Polytechnic  Institute  of  Brooklyn 
Microwave  Research  Institute 
55  Johnson  Street 
Brooklyn,  New  York 
Attn:  Mr.  A.  E.  Laemmel 

Syracuse  University  Research  Institute 
Collendale  Campus 
Syracuse  10,  New  York 
Attn:  Dr.  C.  S.  Grove,  Jr. 

Director  of  Engineering  Research 

The  University  of  Texas 
Elec.  Engineering  Research  Laboratory 
P.  0.  Box  8026,  University  Station 
Austin  12,  Texas 
Attn:  Mr.  John  R.  Gerhardt 
Assistant  Director 

The  University  of  Texas 

Defense  Research  Laboratory 

Austin,  Texas 

Attn:  Claude  W.  Morton,  Physics  Library 

University  of  Toronto 

Department  of  Electrical  Engineering 

Toronto,  Canada 

Attn:  Prof.  0.  Sinclair 


Lowell  Technological  Institute 
Research  Foundation 
P.  0.  Box  709,  Lowell,  Mass. 
Attn:  Dr.  Charles  R.  Mingins 

University  of  Washington 

Department  of  Electrical  Engineering 

Seattle  5,  Washington 

Attn:  G.  Held,  Associate  Professor 

Stanford  University 
Stanford,  California 
Attn:  Dr.  Chodorow 

Microwave  Laboratory 

Physical  Science  Laboratory 

New  Mexico  College  of  Agriculture 

and  Mechanic  Arts 

State  College,  New  Mexico 

Attn:  Mr.  H.  W.  Haas 

Brown  University 
Department  of  Electrical  Engineering 
Providence,  Rhode  Island 
Attn:  Dr.  C.  M.  Angulo 

Case  Institute  of  Technology 

Cleveland,  Ohio 

Attn:  Prof.  S.  Seeley 

Columbia  University 

Department  of  Electrical  Engineering 

Momingside  Heights 

New  York,    N.  Y. 

Attn:     Dr.  Schleslnger 

McGlll  University 

Montreal,  Canada 

Attn:  Prof.  0.  A.  Woonton 

Director,  The  Eaton  Electronics 

Research  Lab. 
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